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TOM TAT

Hiéu qua tdc dung clia dan dugc phu thudc vao rat nhiéu yéu té, trong dé gia tri trugt muc tiéu clia
dan st dung ngoi né khong tiép xuc 1a mét trong nhimng thong s rat quan trong khi nghién cuu,
thiét ké, ché tao ngoi né va anh hudng truc tiép dén hiéu qua clia dan. Viéc xac dinh dugc tham
s6 nay cho phép lua chon cac thong s6 ky thuat khac trong ngoi dan. Van dé nay luon nhan dugc
sU quan tam cua nhiéu nha khoa hoc nhung dén nay van chua co nghién ciiu cu thé nao dugc
cong bé. Bai béo trinh bay cao s& ly thuyét xac dinh do trugt muc tiéu ctia dan khi s dung ngoi nd
khong tiép xtic Doppler bang phuong phap giai tich. Can ¢ vao ving phat hién muc tiéu va ving
phan bé manh vang, bai bdo da dua ra méi quan hé gilia gia tri trugt muc tiéu ctia dan, goc kich
nd, va pha clia dé trugt. Trén co s6 do tac gid da tién hanh danh gia su thay déi gia tri trugt muc
tiéu clia dan khi thay déi goc kich né, pha clia d6 trugt bang phan mém Matlab. Két qua nghién
cliu da chira réng gid tri trugt muc tiéu ctia dan phu thudc dang ké vao gié tri goc kich nd dan, pha
clia d6 trugt va khodng cach gilra vi tri ang-ten va vi tri kich né ctia dau dan. Két qua thu dugc co
thé dugc &p dung trong giai doan tinh toan va thiét ké ngoi dan khéng tiép xic Doppler dung cho

dan phéo dé tiéu diét may bay.

Tu khoa: Ngoi né khong tiép xdc, ngoi né vo tuyén, ngoi né Doppler, dau dan

DAT VAN DE

D3 c6 nhiéu cong trinh nghién cttu vé sy phoi hop téi
uu gitia luéng manh véing va cdnh soéng ang-ten ctia
ngdi n§!~7. Coéng trinh mo6 phéng ngdi né cho tén
ltta phong khong tdm thdp? ban vé kha ning chéng
nhiéu va dan dudng ctia hé théng ra-da gan. Hiéu tng
Doppler da dugc tac gia S. Veksin st dung trong ngoi
né can dich?. Tai Viét Nam, gid tri trugt muc tiéu c6
dugc dé cap so lugc va chua c6 danh gid cu thé®,

o Dan sat thuong bang manh tiéu diét hodc sit thuong

muc tiéu bang manh vang & khoang céch nhat dinh.
N6 dugc goi la gia tri trugt muc tiéu ctia dan. Khi gia
tri ctia n6 ti vai mét dén vai chuc mét thi hé théng
xac dinh vi tri dan va muc tiéu dit & dai quan sat bén
ngoai dan coi 2 vi tri nay triing nhau. Diéu nay gay
khé khan dé€ xdc dinh dugc gia tri trugt muc tiéu cua
dan. Phuong phap gidi tich va phan mém Matlab dugc
sti dung tinh todn viéc thiét 14p moéi quan hé gitia gia
tri trugt muc tiéu, goc kich nd dan, pha ctia d¢ trugt,
khoéng cach gitia vi tri ang-ten va vi tri kich n6 cta
dau dan gitp cho nguoi thiét ké ngoi dan c6 danh gia
khéch quan va tuong d6i tudng minh khi lya chon cac

thong s6 két cau.

PHUONG PHAP

HE TOA DO

Déxdc dinh tan s6 Doppler ngudi ta st dung hé toa do
hinh nén lién két véi hé toa do van t6c thdng Ox,y,z,,
v6i goc toa do dit tai vi tri dng-ten phat clia hé thong
ra-da (Hinh 1). Trong d6 truc Ox,Oy,song song vGi
véc-to van téc tuong ddi dan - muc tiéu v,,, mit phing
toa do Ox,y, trung v6i mit phing tam gidc van t6c
dugc tao thanh ti cac véc-to van t6¢: vy, vy , vy Trong
d6, v,;v; lan lugt tuong ting 1a vén téc dan va vén téc
muc tiéu. Vi tri ciia muc tiéu tai diém T va dugc x4c
dinh bdi céc dai lugng: x,, h, £, trong dox, 1a toa
dd Dé-cac; h la khoang cach tii géc toa dd O dén hinh
chiéu T’ ctia diém T trén mit phdng Oy, z,, dic trung
cho d¢ chinh xdc dan va dugc goi la do trugt; goc cuc
& 1a pha ctia do trugt. h, & 1a toa d6 cyc ctia diém T .
Trén Hinh 1 thé hién vi tri tuong déi ctia dan va muc
tiéu trong khong gian, véi vi tri ctia dan tai O va vi tri
muc tiéu tai T.

Tu hé toa d6 dung dé€ xic dinh vung kich né dan
(Hinh 1 va 2) c6 thé dua ra 2 nhan xét sau:

- Néu do trugt h = const (Hinh 1) thi bé mat toa d6 co
dang hinh tru déi xting quanh truc va dic trung cho
vung Doppler khong xac dinh.

- Ntia mit phing Ox,y, chtia ntia truc duong Oyv va
tam giac van t6c (Hinh 2) tuong tng véi gia tri pha
clia d6 trugt £ = 0, ndfa mit phing Ox,y, chiia nia

Trich dan bai bao nay: Quyén P X. Xac dinh gia tri trugt muc tiéu cia dan st dung ngoi né khéng

ti€p xuc. Sci. Tech. Dev. J. - Eng. Tech. 2025; ():1-6.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

M

42

43

a4

45

46

47

48

49

50



Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2025, ():1-6

5

5.

N

53

54

55

56

57

58

59

6

=3

6

62

63

64

65

6

-

67

68

69

70

7

72

73

Hinh 1: Vi tri tuong déi clia dan va muc tiéu trong
khong gian.

Hinh 2: Mé&i quan hé gitia van toc tuong déi va gia
tri pha ctia d6 truot.

truc &m Oy, (Hinh 2) tuong tGing véi gid tri pha ctia
do trugt & = 7.

Xac dinh gia tri truot muc tiéu cla dan

D& mo6 ta hoat dong cta phin chién ddu thuong st
dung hé toa do Bxr-yr-zr, c6 gbc toa do dat tai vi tri
kich n6 ctia phan chién d4u. Tryc Bxr triing véi truc
doc ctia dan va c6 hudng tii trong tAm t6i mai ctia dan.
Khi phoi hgp su lam viéc ctia dng-ten va ludng manh
thi pha ctia d trugt c6 gid tri: € € [0, 27]. Trong thuc
té, d6i v6i phéan chién d4u d6i xiing theo truc doc cuia
dan va st dung ngoi né Doppler thi c6 thé gidi han gid
tri cha pha ctia d¢ trugt & = 0 va £ = m. Hai trudng
hgp nay dugc minh hoa trén Hinh 3 va Hinh 4.

Trong Hinh 3, &, 14 goc huéng hgp bdi véc-to van toc
dan va vén t6c tuong d6i dan - muc tiéu; Diém B 1a
vi tri kich nd ctia phan chién ddu va cich vi tri dit
ang-ten mot khoang OB = Ar; o la géc bay tan trung
binh ctia manh vang tinh; © 1a géc bay tdn trung binh
ctua manh vang dong; v?s la véc-to van téc manh vang
tinh; v, 1 véc-to van t6c manh vang dong; Tes 1a giao
diém gifta quj dao manh vang tinh va dudng thing
chiia muc tiéu, song song véi truc Ox; T,y 1a giao di€m
gitta dudng thing chita muc tiéu, song song vdi truc

Quy dao tuong doi
cua dan-muc tiéu

I

o

Hinh 3: Chuyén déng tuong déi dan - muc tiéu khi
pha clia d6 trugt € = 7.

Ox va huéng chuyén dong ctia ménh vang dong; ¢ 1a
gbc dugc tao bdi truc Oxv va dudng thing OT,;. Day
la g6c ma tai d6 hé thong ra-da gin dua ra quyét dinh
kich n6 dan va dugc goi 1a goc kich né dan. N6 dugc
tao bdi truc Ox va dudng thing OT,y;

Doi v6i mdi gid tri trugt h (Hinh 3) sé ting véi mot
khoang gid tri goc kich n6 dan trong hé toa do van
t6c co gbc toa dd O va lénh kich nd dan tai thoi diém
manh vang va muc tiéu gdp nhau tai diém T,,.

Cong thtic tinh vin t6c manh ving dong:

Ved = Vey + 7m0 1)
Xét véc-to 7oy = 3755 = [Rexx,Resy,O} , thoi gian dé
manh ving tinh di hét quang duong BT véi van toc
Ves 7 0 1a:

Tes
les =
Ves

2
trong d6: res = \/rZ, +712,. Muc tiéu sé bi ton
thuong néu manh vang dong va muc tiéu gap nhau
tai vi tri T,y. Khi d6, khoang cach T,T,; dugc xac
dinh theo cong thtic:

TesVrt
Axy = XvT,y — XvT,, = lesVit =

3

Ves

trong do: X,Teq > XyTes.- Nhui vy, véc-to van t6c manh
vang dong (v,4 # 0) hudng vao diém Ty, thdi gian
manh vang dong di hét quang dudng BT, = red dugc
xac dinh theo cong thiic:

Ted
led = —
Ved

“)

trong do: re.d> = m = [redx, redy,O].

Xét trudng hop € = 7 (Hinh 3) Trong tam gidc vudng
ABT,y vudng tai A tacé: ABT,; =60 —&,#0,suyra
0#e¢,

AB = AT, ctg <XBTM>

0#¢

=AT,qctg (0 —¢,), khi { Eox
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Trong tam giac vuong BOD vuong tai D ta c6 OBD =
Ey:

OD = CA = OB sin(OBD) = OB sin &, = Ar sin &,, (6)
AT,;=CT,y — CA=h — Arsing,, khié ==

Thay (6) vao (5) ta co:

AB = (h— Arsing)ctg (0 —¢),

) 8F¢&
khl{ Eon

- Xét trudng hop & = 0 (Hinh 4)
Trong tam gidc vuong ABT,; vuong tai A ta co:
ABT,; =0,suyra 6 # ¢,.

7

AB::AEdag<§BEd>
0 # —¢ @)

=AT,yctg (0 +€), khi { £E—0

Trong tam gidc vuéng BOD vudng tai D ta c6: OBD
=&

AT,y =CT,q+CA

9
=h+Arsing khi§ =0 ©)

Thay (9) vao (8) ta co:
AB= (h+Arsing)ctg(60+¢€), khiE =0  (10)

Theo Hinh 3 va 4, gid trj trugt muc tiéu dugc xdc dinh
béng cong thiic:

h=0C.ctg(®), khi ¢ #0 (11)
OC =AB—BD = AB— Arcosg, (12)
Thay (7) vao (12) ta cé:
OC = (h— Arsing,) ctg(6 —€)
—Arcos gy, khi o7& (13)
E=m
Thay (13) vao (11) ta c6:
h=((h—Arsing)ctg (6 — &)
—Arcosg).ctg (Qr), khi { 27::
Suy ra,
b Ar.singr.ctg (0 — &) + Arcosé,
= i ,
ctg(0—¢)—
8 ") ctg (¢r)
E=x
sin(@x) #0 = @r #0° (14)
khi <t (@x) # 0= @z #90°
sin(0—¢&)#0=0#¢
ctg(6—¢ —_—
g( V) # Ctg((Pﬂ)

Thay (10) vao (12) ta c6:

OC = (h+ Arsing,) ctg (0 + &)

15
—Arcosg, khiE =0 (15)

Thay (15) vao (11) ta c6:
_ Ar.sing.ctg (0 — &)+ Arcosé,

h= )
—ctg(60—¢)

ctg (o)
E=0
sin (@p) # 0 = @y # 0°

crg (gy) 0= go £ 90°
sin(0—¢) #0=0#¢

ctg(0—g) #

(16)
khi

ctg (¢o)

Nhu véy, cong thtic (14) va (16) xac dinh h tuong ting
voiphatrugt E = va € =0.

KET QUA, THAO LUAN

Dbanh gid gid tri trugt muc tiéu ctia dan phu thudc vao
mot s6 tham s6 nhu géc kich né dan va pha ctia do
trugt thong qua mot s6 vi du sau:

Vidu1: 6 =30% €, =15% ¢ = [0°,60°]; Ar = 0.3m; &
=7 va & =0. Ap dung cong thtic (14) va (16) dé xac
dinh gia tri trugt muc tiéu ctia dan. Tinh toadn cac gia
tri bing phdn mém Matlab (Hinh 5).

L14 95 l—38.64 | ---%--- PhiPi
| — — PhiPiAS5-20
2 ---&-- Phi0 H
i q Phi0AS5-20
g
15 g
£ i
=
10
5 i o
5 %
* (o]
*eeel Bmeeeee L
[ ‘, ol - -0

15 2‘0 2‘5 3‘0 3‘5 iO 4‘5 5‘0 5‘5 E‘(;
PhiPi (Degrees)

Hinh 5: Gia tri trugt muc tiéu ctia dan phu thuéc vao

goc kich né d6i véi pha clia do trugt E = va & =0.

Tu Hinh 3, 4 va 5, cong thiic (14) va (16) ta nhan thay
rdng, tai vi tri B (Hinh 3 va 4) goc kich n6 ¢ 16n nhét,
khi h tdng d4n tli Arsing, thi gia tri gbc ¢ gidm din va
thay d6i nho xung quanh gid tri tiém cdn Gng vdi gid
tri d§ trugt trong khoang tii 5m dén 20m. Theo két
qua khao sat 6 Hinh 5, dudng tiém cén PhiPiAS5-20
dugc may tinh ty dong dua ra thé hién gia tri géc kich
nd ddu dan dat gid tri khong d6i la 14.95° khi gid tri
d0 trugt bt dau tit 5m dén 20m véi pha ctia d trugt
& = m va gia tri nay la 38.64° ting v6i dudng tiém cin
Phi0AS5-20 dugc mdy tinh ty dong dua ra thé hién
gid tri géc kich né ddu dan dat gid tri khong d6i khi
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Hinh 4: Chuyén dong tuong d6i dan - muc tiéu khi pha ca d6 trugt & = 0.

gid tri d trugt dao dong tit 5m dén 20m va pha ctia d6
trugt & = 0. Goc kich né cho phép ndm trong khoang
[14.95°, 27.86°] d6i v6i & = 7 va [38.647, 58.29°] d6i
v6i € = 0, khi d6 do truot sé c6 gia tri nhd hon 5m.
Vidu 2: 6 =30% g, =15% ¢ = [107, 40°]; Ar = Om;
& = mva € =0. Két qua tinh toan h bing cong thiic
(14) va (16) trong phan mém Matlab dugc thé hién
trén Hinh 6. Khdc v6i vidu 1 6 chd Ar = Om, nghia la
vi tri dat dng-ten trung véi vi tri kich né ddu dan.

14.95 -38.64
20t
---%-- PhiPi
N ---©-- Phi0
E
=
10+
5+
15 20 25 30 35 40

PhiPi (Degrees)

Hinh 6: Gia trj trugt muc tiéu cta dan khi goc kich
nd dan c6 gia tri nho nhat.

Theo két qua nhén dugc tai Hinh 6, khi Ar = Om, d6i

149 VOi moi gid tri trugt h < 20m ludn ton tai duy nhat

150 mOt gid tri géc kich n6 14.95° tuong tng véi gia tri

151

pha trugt & = 7 va gia tri géc kich né 38.64° tuong

ting vdi gid tri pha trugt & = 0. Véi gid tri Ar = Om
trén thyc té rat kho c6 thé xay ra, do cing véi dng-ten
la hé thong x 1y tin hiéu thu phét phuc tap, ching c6
kich thudc dang ké. Vi thé, tuy vao ting loai dan cu
thé ma co gid tri Ar tuong tng.

Vidu 3: 0 =30% g, = 15%; ¢ = [0, 70°]; Ar = [0, 1]
m; & = . Tinh toan h bang cong thiic (14) va (16)
trong phin mém Matlab (Hinh 7). & day danh gi4 sy
thay déi gitia d¢ trugt va géc kich né khi thay d6i Ar
nhim xdc dinh gia tri trugt tuong ting véi tling gid tri
goc kich nd va khoang cach tuong d6i gitia vi tri dit

ang-ten va diém kich né.

0 - . K 05
10 20 30 40 5

0 DeltaR(m)

PhiPi{Degrees)

Hinh 7: Su phu thudc gia tri trugt h vao ¢ va Ar.
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Theo két qua dugc thé hién trén Hinh 7 ta théy ring,
gid tri Ar ty 1é thudn v6i d¢ rong khodng gia tri goc
kich né khi do trugt nhé hon 5m. Cu thé d6i véi
trudng hop pha cta do trugt & = 7 khi Ar = Om thi
goc kich nd dan 1a 14.95% d6i v6i moi gid tri do trugt
va khi Ar = 1m thi goc kich nd sé ndm trong khodng
(14.95%, 62.874°] v6i gia tri d6 trugt trong khodang (0,
5] m. Khi d¢ trugt 16n hon 5m, thi géc kich né c6 gid
tri gan ding bing @ = @,;;; = 14.95° = const d6i véi
moi gid tri Ar. Trong truong hop nay, dé€ ki€ém soat
dugc d¢ trugt h thi gée kich nd phai c6 gia tri trong
khoang (14.95°, 62.874°] va Ar = (0, 1] m.

Vidu4: 6 =30% ¢, =5%h=(0,15] mva & = 10%
Ar =0, 1] m; & = m. Két qua tinh toan h bing (14)
va (16) trong phin mém Matlab dugc thé hién trén
Hinh 8. O trudng hop nay khéo sat sy thay d6i h déi
v6i 2 truong hop goc hudng 1an lugt la €, = 5° va &,
=107 dé xac dinh gid tri €,.

Két qua chi ra gid tri trugt h dat gid tri 16n nhat khi ¢
dat gia tri nho nhét, va ngugc lai khi ¢ ting thih gidm.
Khi géc hgp bai véc-to van toc dan va van toc tuong
d6i dan-muc tiéu (&,) ting, goc kich né () gidm.
Vidu5: €,=15% 0 =10% 60 =20%Ar=[0,1] m; £ =
7. Tinh h béng (14) va (16) trong phin mém Matlab
(Hinh 9). Vi du nay khdo sat sy thay ddi gia tri trugt
muc tiéu ddi véi 2 truong hop cha goc bay tin cua
manh ving dong lan lugt 1a 6 = 10° va 6 = 20° véi
muc dich xdc dinh gid tri 6 c¢6 anh hudng nhu thé
nao dén gid tri h hay.

Khi goc bay tdn cia manh ving dong (0) ting thi gia
tri géc kich ng () ting. Diéu d6 c6 nghia la gbc kich
nd dan phu thudc vao van tdc ctia dan. Gia tri 6 anh
hudng khong dédng ké dén gia tri h.

KET LUAN

Giai phuong trinh (14) va (16) cho phép xac dinh gia
tri trugt muc tiéu ctia dan d6i véi cac tham s6 két cdu
cu thé. V6i nhiing ly gidi, phén tich & trén két qua thu
dugc la co s¢ xdc dinh cac thong s6 khac trong ngoi
n6 khong tiép xuc ctia dan nhu goc kich né ¢, pha
do trugt &, khoéng céch gitia ang-ten va vi tri kich nd
Ar, gbc bay tan trung binh ctia manh ving dong 6, va
d6 ctng la cong viéc phai tién hanh khi thiét ké ngoi
dan. Viéc x4y dung cac tham s6 va phuong phap giai
sé dugc tdc gia trinh bay vao dip khac. Két qua thu
dugc mé ra mot s6 huéng nhu kich né da diém, thiét
ké dng-ten nho gon dé€ dam bao lap dugc nhiéu trén
cacloai dan, danh gia su s6ng st clia muc tiéu sau khi

trung manh véng...

XUNG POT LO1iCH

Tac gia xin cam doan khong c6 bét ki xung dot loi ich
nao trong céng bo bai béo.

PONG GOP TAC GIA

Pham Xuén Quyén tac gia duy nhat thuc hién toan b
ban thao.
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The determination of the miss distance of artillery shells using the
radio proximity fuse

Pham Xuan Quyen'2"*

e
e ABSTRACT

T The effectiveness of ammunition depends on many factors, of which the miss distance of artillery

shells when using the radio proximity fuse utilizing the Doppler is one of the very important param-

Use your smartphone to scan this eters when researching, designing, manufacturing fuses and directly affects the effect of artillery

QR code and download this article shells. Determining this parameter allows the selection of other technical parameters in the radio

proximity fuse. This issue has always received the attention of many scientists, but so far, no spe-
cific research has been published. This paper presents the theoretical basis to determine the miss
distance of artillery shells when using the radio proximity fuse utilizing the Doppler using analytical
methods. Based on the target detection area and the fragment area, the article has shown the rela-
tionship between the miss distance of artillery shells, the warhead operating angle, and the phase
of the miss distance. On that basis, the author has evaluated the change in the value of the miss
distance of artillery shells when changing the warhead operating angle, the phase of the miss dis-
tance using Matlab software. The results have shown that the value of the miss distance of artillery
shells depends significantly on the warhead operating angle, the phase of the miss distance, and
the distance between the antenna position and the detonation position of the warhead. The re-
sults obtained can be applied to calculate and design the radio proximity fuse utilizing the Doppler
effect for artillery shells to destroy aircrafts.

Key words: Proximity fuse, radio fuse, fuse utilizing the Doppler effect, warhead
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